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AUTOMATIC TRANSMISSION HAVING TORQUE CONVERTER WITH 
LOCKUP CLUTCH AND METHOD OF CONTROLLING SAME LOCKUP 

CLUTCH 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 2002-326828 
filed on November 11, 2002, including the specification, drawings and abstract is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The invention relates to a technology for controlling an automatic 
transmission of a vehicle at the time of a downshift while the vehicle is coasting in a 
fuel-cut state and, more particularly, to a technology for controlling a lockup clutch 
provided in a torque converter of the automatic transmission. 

2. Description of the Related Art 

[0003] While a vehicle is coasting in a fuel-cut state, a control of oil 
pressure of a lockup clutch is sometimes executed in order to prevent a rapid fall of 
the engine rotation speed. For example, Japanese Patent Application Laid-Open 
Publication No. 6-331023 (patent literature I) discloses a technology in which the oil 
pressure of the lockup clutch is controlled so that a rotation speed difference (=NT- 
NE, hereinafter referred to as "slip rotation speed") between the torque converter 
turbine rotation speed NT and the engine rotation speed NE is kept at a target value. 
According to this control, the engine rotation speed is maintained by rotation of the 
turbine, and therefore does not rapidly fall, so that the fuel-cut state during coasting 
can be maintained for a long time. 

[0004] With reference to FIGS. 6A to 6C, transitions of characteristic 
values of a vehicle equipped with a related-art lockup clutch control device will be 
described in conjunction with a downshift from a fourth speed ratio to a third speed 
ratio. 

[0005] FIG. 6A indicates transitions of the turbine rotation speed NT and 
the engine rotation speed NE. After a 4-to^3 downshift instruction is output at a time 
point of T(0), the turbine rotation speed NT starts to increase at a time point T(2) due 
to engagement of an engaging-side clutch. After an inertia phase begins at a time 
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point T(3), the engine rotation speed NE starts to increase. The inertia phase refers 
to a stage where the inertia force in an engine rotation system changes. If the 
feedback control of the oil pressure of the lockup clutch is not executed, the turbine 
rotation speed NT increases as the downshift progresses, and reaches the rotation 
5 speed of the third-speed running of the vehicle at a time point T(7) (corresponding to 
a dotted-line portion of NT in FIG. 6(A)). 

[0006] FIG. 6B illustrates the transition of the slip rotation speed based on 
the feedback control by the related-art control device. This oil pressure feedback 
control is directed, as its control object, to a target slip rotation speed that is set at a 
10 predetermined constant rotation speed. A "calculated slip rotation speed" represents 
a rotation speed difference at the lockup clutch, that is, the difference between the 
turbine rotation speed NT of the automatic transmission and the engine rotation speed 
NE (NT-NE). 

[0007] However, if the aforementioned feedback control is executed at the 

15 time of a downshift while the vehicle is coasting in a fuel-cut state, the following 
problems may occur. 

[0008] Firstly, the completion of the downshift may be delayed in 
comparison with the case where the feedback control is not executed. Referring to 
FIG. 6A, if the feedback control of the lockup clutch oil pressure is executed, the 

20 turbine rotation speed NT begins to decrease at a time point T(4), and then increases 
and reaches the rotation speed of the 3rd-speed run at a time point T(8) 
(corresponding to a solid-line portion of NT in FIG. 6A). Thus, the time from the 
beginning of the downshift until the turbine rotation speed NT reaches a 
predetermined rotation speed becomes longer, that is, a delay in completion of the 

25 downshift results. 

[0009] Secondly, a shock may occur with changes in torque due to a rapid 
rise in the lockup oil pressure or external disturbances caused as a result of the lockup 
clutch being temporarily engaged. More specifically, referring to FIG. 6B, the 
calculated slip rotation speed changes in accordance with the difference between the 

30 state of change in the turbine rotation speed NT and the state of change in the engine 
rotation speed NE during a time period from T(l) to T(6), and thus, the calculated slip 
rotation speed deviates from the target slip rotation speed. To cope with such 
deviations, a control for bringing the calculated slip rotation speed closer to the target 
slip rotation speed is executed This control may sometime cause a problem 



including a shock generated due to external disturbances occurring as a result of the 
lockup clutch being temporarily engaged or due to changes in torque as a result of the 
lockup oil pressure being temporarily and rapidly increased, in order to reduce the 
aforementioned deviation of the slip rotation speed (at a time point T(4) in FIG. 6C). 

[0010] A third problem is that degradation of a clutch friction member is 
caused since an engaging-side clutch (a clutch engaged to establish the third speed 
ratio in the aforementioned case) needs to perform a work for raising the turbine 
rotation speed to a post-downshift turbine rotation speed. Furthermore, exacerbation 
of a shock due to the performance of such a work is also a problem. 

SUMMARY OF THE INVENTION 

[0011] The invention has been accomplished in order to solve the above- 
stated problems. It is an object of the invention to provide an automatic transmission 
system having a lockup clutch, which is capable of preventing a delayed downshift 
during a decelerating run of the vehicle in a fuel-cut state and which is capable of 
avoiding a completely locked-up state regardless of the situation of a shift and of 
substantially preventing occurrence of a shock, and a method of controlling the same 
lockup clutch. 

[0012] An automatic transmission system in accordance with a first aspect of 
the invention includes an automatic transmission including a torque converter 
provided with a lockup clutch; and a controller that controls, while the vehicle is 
coasting in a fuel-cut state, an oil pressure of the lockup clutch through a feedback 
control using a hydraulic device so that a slip rotation speed of the lockup clutch 
matches a target slip rotation speed. The controller is adapted to calculate the slip 
rotation speed of the lockup clutch, and control the hydraulic device so that the oil 
pressure of the lockup clutch becomes constant if the slip rotation speed calculated is 
greater than a predetermined rotation speed during a downshift of the automatic 
transmission is executed. 

[0013] According to the first aspect of the invention, the controller 
controls the automatic transmission that includes the lockup clutch and the hydraulic 
device while the vehicle is coasting in a fuel-cut state. The oil pressure of the lockup 
clutch is controlled through a feedback control so that the slip rotation speed of the 
lockup clutch matches the target slip rotation speed. The slip rotation speed herein 
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refers to a difference between the input rotation speed of the automatic transmission 
and the rotation speed of a drive power source (e.g., an engine, an electric motor, 
etc.). The controller calculates the slip rotation speed of the lockup clutch. If the 
slip rotation speed is greater than a predetermined rotation speed during execution of 
5 a downshift, the controller then controls the hydraulic device so that the oil pressure 
of the lockup clutch becomes constant. The period of execution of a downshift 
corresponds to, for example, a time period from the beginning of the shift to the end 
of the shift, or a time period during which the oil pressure for the shift is within a 
predetermined range, or the like. Due to the above-described construction, the 

10 lockup clutch is kept in a constant state of engagement. Therefore, with the 

automatic transmission system according to this aspect of the invention, it is possible 
to prevent shock caused by a torque change associated with a rapid rise in the lockup 
oil pressure or the influence of external disturbance in a temporary complete 
engagement state of the lockup clutch during execution of a downshift. 

15 Furthermore, since the turbine rotation speed can be increased to a rotation speed 
corresponding to a downshift while the oil pressure is constant, it is possible to 
prevent the delay of the downshift caused by a delay in the increase of the turbine 
rotation speed. Furthermore, in a shift situation that will likely lead to complete 
engagement of the lockup clutch (e.g., a situation where the slip rotation speed is 

20 low), the lockup oil pressure is not fixed, but the normal feedback control is executed. 
Therefore, the automatic transmission system is advantageous in that the lockup 
clutch is not completely engaged. According to this automatic transmission system, 
therefore, it is possible to prevent a delay in the downshift during a decelerating run of 
the vehicle in the fuel-cut state, and avoid the completely locked-up state regardless of 

25 the situation of a shift and also preventing or curbing shock. 

[0014] An automatic transmission system in accordance with a second aspect 
of the invention includes an automatic transmission including a torque converter 
provided with a lockup clutch; and a controller that controls, while the vehicle is 
coasting in a fuel-cut state, an oil pressure of the lockup clutch through a feedback 

30 control using a hydraulic device so that a slip rotation speed of the lockup clutch 
matches a target slip rotation speed. The controller is adapted to execute an oil 
pressure fixing control of fixing the oil pressure of the lockup clutch if a downshift of 
the automatic transmission is executed, and the controller is further adapted to 
calculate the slip rotation speed of the lockup clutch, and stop the oil pressure fixing 
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control if the slip rotation speed calculated is less than a predetermined rotation speed 
while the oil pressure fixing control is being executed. 

[0015] According to the second aspect of the invention, the controller 
controls the lockup clutch of the torque converter while the vehicle equipped with the 
5 automatic transmission is coasting in a fuel-cut state. The oil pressure of the lockup 
clutch is controlled through a feedback control so that the slip rotation speed of the 
lockup clutch matches the target slip rotation speed. If a downshift of the automatic 
transmission is executed, the oil pressure fixing control is executed so that the lockup 
clutch oil pressure remains fixed. If the calculated slip rotation speed is less than a 

10 predetermined rotation speed (i.e., if the lockup clutch becomes engaged more than 
necessary) while the oil pressure fixing control is being executed, the oil pressure 
fixing control is stopped. Therefore, it becomes possible to change the oil pressure 
of the lockup clutch even during a downshift. Therefore, it is possible to avoid a 
completely locked-up state and prevent the lockup clutch from being engaged more 

15 than necessary (e.g., being completely locked up). 

[0016] An automatic transmission system in accordance with a third 
aspect of the invention includes an automatic transmission including a torque 
converter provided with a lockup clutch; and a controller that controls, while the 
vehicle is coasting in a fuel-cut state, an oil pressure of the lockup clutch through a 

20 feedback control using a hydraulic device so that a slip rotation speed of the lockup 
clutch matches a target slip rotation speed. The controller is adapted to calculate a 
slip rotation speed of the lockup clutch, and set the calculated slip rotation speed as a 
target slip rotation speed if a downshift of the automatic transmission is executed. 
[0017] According to the third aspect of the invention, the controller 

25 controls the automatic transmission equipped with the lockup clutch while the vehicle 
is coasting in the fuel-cut state. The oil pressure of the lockup clutch is controlled 
through a feedback control so that the slip rotation speed matches the target slip 
rotation speed. If a downshift of the automatic transmission is executed, the 
controller sets the calculated slip rotation speed as a target slip rotation speed. As a 

30 result, during the downshift, the deviation (i.e., difference between the target slip 

rotation speed and the calculated slip rotation speed) in the feedback control becomes 
zero, so that a correction amount regarding the oil pressure of the lockup clutch 
becomes constant. Therefore, the oil pressure of the lockup clutch is kept at a 
constant pressure. Hence, even if the shift is executed, it is possible to avoid a 
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situation where the oil pressure of the lockup clutch becomes an external disturbance 
factor for the shift, and to substantially prevent or reduce shift shock. Furthermore, 
since the turbine rotation speed smoothly increases to a rotation speed that is need for 
completion of the downshift, a delay in the downshift can be prevented. 
5 [0018] In the automatic transmission system according to the third aspect 

of the invention, it is preferable that the controller be further adapted to control the 
calculated slip rotation speed as the target slip rotation speed if the calculated slip 
rotation speed is greater than a predetermined rotation speed during the downshift of 
the automatic transmission. 

10 [0019] According to this construction, if the calculated slip rotation speed 

is greater than the predetermined rotation speed during a downshift, the calculated slip 
rotation speed is set as a target slip rotation speed, so that the difference between the 
slip rotation speed and the target slip rotation speed becomes zero. That is, the 
deviation in the feedback control becomes zero, and the correction amount regarding 

15 the oil pressure of the lockup clutch becomes constant. Therefore, the oil pressure of 
the lockup clutch is kept at a constant pressure. As a result, a constant state of 
engagement of the lockup clutch is maintained, so that shock caused by further 
engagement of the lockup clutch will be prevented. Furthermore, during the 
constant state of engagement of the lockup clutch, the turbine rotation speed can be 

20 increased, so that the downshift can be accomplished without a delay. Still further, 
in a shift situation that will likely lead to complete engagement of the lockup clutch 
(e.g., a case where the slip rotation speed becomes less than a predetermined rotation 
speed), the lockup oil pressure is not fixed. Therefore, the lockup clutch is not 
completely engaged regardless of the shift situation, as compared to a case where the 

25 feedback control is stopped and the lockup oil pressure is fixed. 

[0020] In addition, the controller may be adapted to set the predetermined 
rotation speed as the target slip rotation speed if the calculated slip rotation speed is 
less than the predetermined rotation speed. 

[0021] According to this construction, if the calculated slip rotation speed 

30 is less than the predetermined rotation speed, the predetermined rotation speed is set 
as a target slip rotation speed. Therefore, the slip rotation speed of the lockup clutch 
will not decrease below the predetermined rotation speed. As a result, the lockup 
clutch is kept in a state of engagement corresponding to the rotation speed, so that the 
lockup clutch is prevented from being engaged more than necessary. 
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[0022] Moreover, the controller may be adapted to converge the target slip 
rotation speed to a target slip rotation speed of a steady coasting run if a 
predetermined converging condition has been met. 

[0023] According to this construction, if the predetermined converging 
5 condition is met, the target slip rotation speed is converged to the target slip rotation 
speed of a steady coasting of the vehicle. For example, the converging condition 
may require that the shift be ended and that the torque capacity of a friction 
engagement element engaged for the downshift be greater than a predetermined 
capacity. The convergence of the target slip rotation speed in the above-described 

10 fashion causes the oil pressure of the lockup clutch to gently change, so that the 
lockup clutch can be gently engaged. Therefore, it is possible to prevent shock 
caused by a torque change associated with a rapid rise in the lockup oil pressure or the 
influence of external disturbance during temporary complete engagement of the 
lockup oil pressure in association with a change in the target slip rotation speed. 

15 [0024] A fourth aspect of the invention relates to a control method for 

controlling a lockup clutch of a torque converter while a vehicle equipped with an 
automatic transmission is coasting in a fuel-cut state, wherein an oil pressure of the 
lockup clutch is controlled through a feedback control using a hydraulic device so that 
a slip rotation speed of the lockup clutch matches a target slip rotation speed. This 

20 control method includes the steps of calculating the slip rotation speed of the lockup 

clutch and controlling the hydraulic device so that the oil pressure of the lockup clutch 
becomes constant if the slip rotation speed calculated is greater than a predetermined 
rotation speed during a downshift. 

[0025] According to this method, the oil pressure of the lockup clutch is 

25 controlled through a feedback control so that the slip rotation speed of the lockup 

clutch matches the target slip rotation speed. The slip rotation speed herein refers to 
a difference between the input rotation speed of the automatic transmission and the 
rotation speed of a drive power source (e.g., an engine, an electric motor, etc.). In 
this method, the slip rotation speed of the lockup clutch is calculated, and if the slip 

30 rotation speed is greater than a predetermined rotation speed during a downshift, the 
hydraulic device is controlled so that the oil pressure of the lockup clutch becomes 
constant. The period of execution of a downshift corresponds to, for example, a time 
period from the beginning of the shift to the end of the shift, or a time period during 
which the oil pressure for the shift is within a predetermined range, or the like. Due 
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to the above-described control, the lockup clutch is kept in a constant state of 
engagement. Therefore, the control method is able to prevent shock caused by a 
torque change associated with a rapid rise in the lockup oil pressure or the influence 
of external disturbance in a temporary complete engagement state of the lockup clutch 
5 during a downshift. Furthermore, since it becomes possible to increase the turbine 
rotation speed to a rotation speed corresponding to a downshift while the oil pressure 
is constant, the control method is able to prevent the delay of the downshift caused by 
a delay in the increase of the turbine rotation speed. Furthermore, in a shift situation 
that will likely lead to complete engagement of the lockup clutch (e.g., a situation 

10 where the slip rotation speed is low), the lockup oil pressure is not fixed, but the 

normal feedback control is executed. Therefore, the control method is advantageous 
in that the lockup clutch is not completely engaged. Thus, it is possible to prevent a 
delay in the downshift during a decelerating run of the vehicle in the fuel-cut state, 
and avoid the completely locked-up state regardless of the situation of a shift, thereby 

15 preventing or curbing shift shock. 

[0026] An fifth aspect of the invention relates to a control method for 
controlling a lockup clutch of a torque converter while a vehicle equipped with an 
automatic transmission is coasting in a fuel-cut state, wherein an oil pressure of the 
lockup clutch is controlled through a feedback control using a hydraulic device so that 

20 a slip rotation speed of the lockup clutch matches a target slip rotation speed. This 
control method includes the steps of executing an oil pressure fixing control of fixing 
the oil pressure if a downshift of the automatic transmission is executed, calculating 
the slip rotation speed of the lockup clutch; and stopping the oil pressure fixing 
control if the slip rotation speed calculated is less than a predetermined rotation speed 

25 while the oil pressure fixing control is being executed. 

[0027] According to this method, the oil pressure of the lockup clutch is 
controlled through a feedback control so that the slip rotation speed of the lockup 
clutch matches the target slip rotation speed. If a downshift of the automatic 
transmission is executed, the oil pressure fixing control is executed so that the lockup 

30 clutch oil pressure is fixed. If the calculated slip rotation speed is less than a 

predetermined rotation speed (i.e., if the lockup clutch becomes engaged more than 
necessary) while the oil pressure fixing control is being executed, the oil pressure 
fixing control is stopped. Therefore, it becomes possible to change the oil pressure 
of the lockup clutch even during execution of a downshift. Therefore, the control 
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method is able to avoid a completely locked-up state and prevent the lockup clutch 
from being engaged more than necessary (e.g., being completely locked up). 

[0028] A sixth aspect of the invention relates to a control method for 
controlling a lockup clutch of a torque converter while a vehicle equipped with an 
5 automatic transmission is coasting in a fuel-cut state, wherein an oil pressure of the 

lockup clutch is controlled through a feedback control using a hydraulic device so that 
a slip rotation speed of the lockup clutch matches a target slip rotation speed. This 
control method includes the steps of calculating the slip rotation speed of the lockup 
clutch; and setting the calculated slip rotation speed as the target slip rotation speed if 

10 a downshift of the automatic transmission is executed. 

[0029] According to the sixth form of the invention, the oil pressure of the 
lockup clutch is controlled through a feedback control so that the slip rotation speed 
matches the target slip rotation speed. If a downshift of the automatic transmission 
is executed, the calculated slip rotation speed is set as a target slip rotation speed. As 

15 a result, during the downshift, the deviation (i.e., difference between the target slip 

rotation speed and the calculated slip rotation speed) in the feedback control becomes 
zero, so that a correction amount regarding the oil pressure of the lockup clutch 
becomes constant. Therefore, the oil pressure of the lockup clutch is kept at a 
constant pressure. Hence, even if the shift is executed, it is possible to avoid a 

20 situation where the oil pressure of the lockup clutch becomes an external disturbance 
factor for the shift, and to substantially prevent or reduce shift shock. Furthermore, 
since the turbine rotation speed smoothly increases to a rotation speed that is need for 
completion of the downshift, a delay in the downshift can be prevented. 

[0030] In the control method in accordance with the sixth aspect of the 

25 invention, the calculated slip rotation speed may be set as the target slip rotation speed 
if the calculated slip rotation speed is greater than a predetermined rotation speed 
during the downshift of the automatic transmission. 

[0031] According to this method, if the calculated slip rotation speed is 
greater than the predetermined rotation speed during a downshift, the calculated slip 

30 rotation speed is set as a target slip rotation speed, so that the difference between the 
slip rotation speed and the target slip rotation speed becomes zero. That is, the 
deviation in the feedback control becomes zero, and the correction amount regarding 
the oil pressure of the lockup clutch becomes constant. Therefore, the oil pressure of 
the lockup clutch is kept at a constant pressure. As a result, a constant state of 
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engagement of the lockup clutch is maintained, so that shift shock caused by further 
engagement of the lockup clutch will be prevented. Furthermore, during the 
constant state of engagement of the lockup clutch, the turbine rotation speed can be 
increased, so that the downshift can be accomplished without a delay. Still further, 
5 in a shift situation that will likely lead to complete engagement of the lockup clutch 
(e.g., a case where the slip rotation speed becomes less than a predetermined rotation 
speed), the lockup oil pressure is not fixed. Therefore, the control method is 
advantageous in that the lockup clutch is not completely engaged regardless of the 
shift situation, as compared to a case where the feedback control is stopped and the 

10 lockup oil pressure is fixed. 

[0032] Further, in the above control method, the predetermined rotation 
speed may be set as the target slip rotation speed if the calculated slip rotation speed is 
less than the predetermined rotation speed. 

[0033] In this case, if the calculated slip rotation speed is less than the 

15 predetermined rotation speed, the predetermined rotation speed is set as a target slip 
rotation speed. Therefore, the slip rotation speed of the lockup clutch will not 
decrease below the predetermined rotation speed. As a result, the lockup clutch is 
kept in a state of engagement corresponding to the rotation speed, so that the lockup 
clutch is prevented from becoming engaged more than necessary. 

20 [0034] Further, the target slip rotation speed may be converged to a target 

slip rotation speed of a steady coasting if a predetermined converging condition has 
been met. 

[0035] In this case, if the predetermined converging condition is met, the 
target slip rotation speed is changed so as to converge to the target slip rotation speed 

25 of a steady coasting. The converging condition may require, for example, that the 
shift be ended and that the torque capacity of a friction engagement element engaged 
for the downshift be greater than a predetermined capacity. The convergence of the 
target slip rotation speed in the above-described fashion causes the oil pressure of the 
lockup clutch to gently change, so that the lockup clutch can be gently engaged. 

30 Therefore, it is possible to prevent a shock caused by a torque change associated with 
a rapid rise in the lockup oil pressure or the influence of external disturbance during 
temporary complete engagement of the lockup oil pressure in association with a 
change in the target slip rotation speed. 
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[0036] A seventh aspect of the invention relates to a control apparatus for 
an automatic transmission for a vehicle including a torque converter provided with a 
lockup clutch, the control apparatus being able to control, while the vehicle is 
coasting in a fuel-cut state, an oil pressure of the lockup clutch through a feedback 
5 control using a hydraulic device so that a slip rotation speed of the lockup clutch 
matches a target slip rotation speed. This control apparatus includes calculation 
means for calculating the slip rotation speed of the lockup clutch; and control means 
for controlling the hydraulic device so that the oil pressure of the lockup clutch 
becomes constant if the slip rotation speed calculated is greater than a predetermined 

10 rotation speed during a downshift. 

[0037] An eighth aspect of the invention relates to a control apparatus for 
an automatic transmission for a vehicle including a torque converter provided with a 
lockup clutch, the control apparatus being able to control, while the vehicle is 
coasting in a fuel-cut state, an oil pressure of the lockup clutch through a feedback 

15 control using a hydraulic device so that a slip rotation speed of the lockup clutch 

matches a target slip rotation speed, wherein an oil pressure fixing control of fixing 
the oil pressure is executed if a downshift of the automatic transmission is executed. 
This control apparatus includes calculation means for calculating the slip rotation 
speed of the lockup clutch; and stop means for stopping the oil pressure fixing control 

20 if the slip rotation speed calculated is less than a predetermined rotation speed while 
the oil pressure fixing control is being executed. 

[0038] A ninth aspect of the invention relates to a control apparatus for an 
automatic transmission for a vehicle including a torque converter provided with a 
lockup clutch, the control apparatus being able to control, while the vehicle is 

25 coasting in a fuel-cut state, an oil pressure of the lockup clutch through a feedback 
control using a hydraulic device so that a slip rotation speed of the lockup clutch 
matches a target slip rotation speed. This control apparatus includes calculation 
means for calculating the slip rotation speed of the lockup clutch; and first rotation 
speed setting means for setting the calculated slip rotation speed as the target slip 

30 rotation speed if a downshift of the automatic transmission is executed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0039] The foregoing and/or further objects, features and advantages of 
the invention will become more apparent from the following description of preferred 
embodiments with reference to the accompanying drawings, in which like numerals 
are used to represent like elements and wherein: 
5 FIG. 1 is a diagram illustrating control blocks of an automatic transmission 

system according to one embodiment of the invention; 

FIG. 2 illustrates the configuration of a drive train of a vehicle equipped with 
the automatic transmission system according to the embodiment of the invention; 

FIG. 3 is a clutch-and-brake application chart indicating engagement states of 
10 engagement elements of an automatic transmission according to the embodiment of 
the invention; 

FIG. 4 is a flowchart illustrating the control executed by the automatic 
transmission system according to the embodiment of the invention; 

FIGS. 5 A to 5C are time charts indicating transitions of characteristic values 
15 of a vehicle equipped with the automatic transmission system according to the 
embodiment of the invention; and 

FIGS. 6 A to 6C are time charts indicating transitions of characteristic values 
of a vehicle equipped with a related-art control device. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[0040] Preferred embodiments of the invention will be described 
hereinafter with reference to the accompanying drawings. In the drawings, like 
component parts are represented by like reference characters. Such like component 

25 parts will be referred to by the same names below, and perform the same functions. 

Therefore, repeated description of those component parts and the like will be avoided. 

[0041] FIG. 1 shows a diagram illustrating control blocks of an automatic 
transmission system according to one embodiment of the invention, which is applied 
to a vehicle and includes an ECT-ECU (electronically controlled automatic 

30 transmission-electronic control unit) 100, an engine 110, a torque converter 120, an 
automatic transmission 200, and sensors and the like that are interconnected. The 
automatic transmission 200 includes an oil pump 202, a pressure regulating valve 204, 
and a speed change mechanism 300. The torque converter 120 includes a lockup 
clutch 122, the oil pressure of which is controlled by a lockup control valve 158. 
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The pressure after the oil pump 202 is adjusted by the pressure regulating valve 204, 
thereby supplying a predetermined oil pressure to the speed change mechanism 300 
and the lockup control valve 158 via a hydraulic circuit (not shown). 

[0042] The engine 1 10 is provided with a water temperature sensor 152, a 
5 throttle opening sensor 154, and an engine speed sensor 156. The automatic 
transmission 200 is provided with an input rotation speed sensor 164, an output 
rotation speed sensor 166, and an oil temperature sensor 168. The ECT-ECU 100 
receives signals from the water temperature sensor 152, the throttle opening sensor 
154, the engine speed sensor 156, the input rotation speed sensor 164, the output 

10 rotation speed sensor 166, and the oil temperature sensor 168. The ECT-ECU 100 
controls the engagement state of the lockup clutch 122 by outputting signals to the 
lockup control valve 158 to control the oil pressure. 

[0043] FIG. 2 illustrates the configuration of a drive train of a vehicle 
incorporating the automatic transmission system according to the embodiment of the 

15 invention. The drive train includes the torque converter 120 and the speed change 
mechanism 300. 

[0044] Referring to FIG. 2, the torque from the engine (not shown) is input 
to the torque converter 120 via an input shaft 126. The torque converter 120 is 
provided with the lockup clutch 122. The engagement state of the lockup clutch 122 

20 is controlled on the basis of a predetermined condition. The torque transmitted from 
the torque converter 120 is transferred to a transmission input shaft 208 via a turbine 
runner 124, and then is input to the speed change mechanism 300 of the automatic 
transmission 200. If a predetermined condition is fulfilled, the speed change 
mechanism 300 establishes a speed stage corresponding to the condition and thus 

25 transmits torque at the established speed stage, outputting the torque to a transmission 
output shaft 210. 

[0045] FIG. 3 is a clutch-and-brake application chart indicating 
engagement states of engagement elements provided in the automatic transmission 
200. In the chart, "CO" to "C3" and "B0" to "B2" all represent friction engagement 
30 elements. Symbol "O" indicates that a friction engagement element is currently 

engaged. The torque input to the automatic transmission 200 is transferred via these 
friction engagement elements. Symbol " X " indicates that a friction engagement 
element is currently unengaged (released). For example, the friction engagement 
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elements "C2", "BO" and "Bl" are engaged to establish a fourth speed ("4th" in FIG. 
3). 

[0046] Hereinafter, the control executed in the automatic transmission 
system according to the embodiment of the invention will be described with reference 
5 to a flowchart of FIG. 4. 

[0047] In step (hereinafter, simply referred to as "S") 102, the ECT-ECU 
100 reads signals input from the sensors. These signals indicate the degree of 
throttle opening, the engine rotation speed, the input rotation speed, the output 
rotation speed, the shift position, etc, respectively. 

10 [0048] In S104, the ECT-ECU 100 determines whether a lockup slip 

control is being executed. This determination is performed based on the signals 
input in SI 02. The lockup slip control refers to a feedback control of the oil pressure 
of the lockup clutch 122 based on the slip rotation speed difference at the lockup 
clutch 122 while the vehicle is coasting in a fuel-cut state. If the lockup slip control 

15 is being executed (YES at S 104), the process proceeds to S 106. If the lockup slip 
control is not being executed (NO at S104), the process ends. 

[0049] In S106, the ECT-ECU 100 determines whether a 4-to-3 downshift 
instruction has been detected. This determination is performed on the basis of, for 
example, whether the running state of the vehicle detected from the signals input in 

20 S102 has changed from a region of the 4th speed to a region of the 3rd speed, or 

whether the shift position signal has switched from a 4th speed state to a 3rd speed 
state, etc. If a downshift instruction is detected (YES at S106), the process proceeds 
to S108. If a downshift instruction is not detected (NO at S106), the process ends. 

[0050] In S108, the ECT-ECU 100 controls oil pressures so as to achieve a 

25 4-to-3 downshift. That is, the ECT-ECU 100 starts to discharge pressure in order to 
release the friction engagement element Bl, and starts to increase oil pressure for 
engaging the friction engagement element CI. In this case, the oil pressure to the 
friction engagement element Bl is gently reduced in concert with the increase in the 
oil pressure of the friction engagement element CI. The oil pressure to the friction 

30 engagement element CI is gently increased until the shift completes, in order to 
prevent an engagement shock or reduce the degree thereof. 

[0051] In SI 10, the ECT-ECU 100 detects the operation state of the 
automatic transmission 200. The operation state refers to, for example, the input and 
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output rotation speeds, the oil pressures of the friction engagement elements BO and 
CI, the duty ratio for a duty solenoid, etc. 

[0052] In SI 12, the ECT-ECU 100 determines whether a condition for 
starting to change the target slip rotation speed (hereinafter, referred to as "starting 
5 condition") has been fulfilled, on the basis of the operation state detected in SI 10. 
This determination is performed on the basis of, for example, whether the shift has 
begun, whether the degree of progress of the shift is greater than or equal to a 
predetermined value, whether the inertia phase has begun, whether the engaging-side 
oil pressure is greater than or equal to a predetermined value, whether the engaging- 

10 side duty ratio has exceeded a predetermined value, whether the engaging-side clutch 
capacity is greater than or equal to a predetermined value, or the like. The inertia 
phase refers to a stage where the inertia force of the engine rotation system changes. 
As the inertia phase begins, the input rotation speed of the automatic transmission 200 
starts to change. If the starting condition has been fulfilled (YES at S 1 12), the 

15 process proceeds to S 1 14. If the starting condition has not yet fulfilled (NO at 
SI 12), the process proceeds to SI 10. 

[0053] In SI 14, the ECT-ECU 100 calculates a slip rotation speed (=NT- 
NE) at the lockup clutch 122 on the basis of the operation state detected in SI 10 (i.e., 
the rotation speed NE of the engine 110 and the input rotation speed NT of the 

20 automatic transmission 200). 

[0054] In SI 16, the ECT-ECU 100 determines whether the slip rotation 
speed calculated in SI 14 (hereinafter, referred to as "calculated slip rotation speed") 
is greater than or equal to a predetermined reference rotation speed. The reference 
rotation speed is, for example, a minimum slip rotation speed that is needed in order 

25 to prevent the lockup clutch from being engaged more than necessary. If the 

calculated slip rotation speed is greater than or equal to the reference rotation speed 
(YES at SI 16), the process proceeds to S 1 18. If the calculated slip rotation speed is 
less than the reference rotation speed (NO at SI 16), the process proceeds to SI 20. 

[0055] In SI 18, the ECT-ECU 100 sets the calculated slip rotation speed 

30 as a target slip rotation speed. As a result, the slip rotation speed (i.e., the deviation 
in the lockup slip control) becomes zero. 

[0056] In SI 20, the ECT-ECU 100 sets the reference rotation speed as a 
target slip rotation speed. Therefore, the oil pressure of the lockup clutch 122 is kept 
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at an oil pressure corresponding to the reference rotation speed, so that a constant 
state of engagement of the lockup clutch 122 is maintained. 

[0057] In S 1 22, the ECT-ECU 100 detects the state of operation of the 
automatic transmission 200. The state of operation refers to, for example, the input 
5 and output rotation speeds, the oil pressures of the friction engagement elements B0 
and CI, the duty ratio for the duty solenoid, etc. 

[0058] In SI 24, the ECT-ECU 100 determines whether a condition 
(hereinafter, referred to as "converging condition") for converging the target slip 
rotation speed to a target slip rotation speed set for steady coasting (hereinafter, 

10 referred to as "steady target rotation speed") is fulfilled. This determination is 

performed on the basis of whether the shift has ended, whether the degree of progress 
of the shift is greater than or equal to a predetermined value, whether the engaging- 
side oil pressure is greater than or equal to a predetermined value, whether the 
engaging-side duty ratio has exceeded a predetermined value, whether the engaging- 

15 side clutch capacity is greater than or equal to a predetermined value, or the like. If 
the converging condition has been met (YES at SI 24), the process proceeds to SI 26. 
If the converging condition has not yet been met (NO at SI 24), the process proceeds 
to SI 22. 

[0059] In S126, the ECT-ECU 100 gradually brings the target slip rotation 
20 speed closer to the steady target rotation speed. If the target slip rotation speed 
reaches the steady target rotation speed, the steady target rotation speed is set as a 
target slip rotation speed. 

[0060] An operation of the automatic transmission system in accordance 
with the embodiment of the invention based on the above-described structure and the 
25 flowchart will be described. The following description will be made in conjunction 
with a case where the automatic transmission down-shifts from the 4th speed to the 
3rd speed while the vehicle is coasting in the fuel-cut state. 

[0061] If signals are read during a decelerating run (S102) and the lockup 
slip control is being executed (YES at SI 04) and the ECT-ECU 100 detects a 4-to-3 
30 downshift instruction (YES at S106), the control of oil pressure for the downshift is 
started (S108). 

[0062] Then, the ECT-ECU 100 detects the state of operation, such as the 
input and output rotation speeds of the automatic transmission 200, the working oil 
pressures of the friction engagement elements, etc. (SI 10). If the starting condition 
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has been met (YES at SI 12), the ECT-ECU 100 calculates the slip rotation speed of 
the lockup clutch 122 (SI 44). If the calculated slip rotation speed is greater than or 
equal to the reference rotation speed (YES at SI 16), the ECT-ECU 100 sets the 
calculated slip rotation speed as a target slip rotation speed (S 118). As the downshift 
5 progresses, the input and output rotation speeds of the automatic transmission 200, the 
working oil pressures of the friction engagement elements, or the like are detected 
(S122). If the converging condition has been met (YES at S124), the ECT-ECU 100 
gradually converges the target slip rotation speed to the steady target rotation speed 
(SI 26). After that, the ECT-ECU 100 sets the steady target rotation speed as a target 

10 slip rotation speed, and continues the lockup slip control during the steady run. 

[0063] FIGS. 5A to 5C illustrates the transitions of characteristic values of 
a vehicle equipped with the automatic transmission system according to the 
embodiment of the invention. FIG. 5A illustrates the transitions of the engine 
rotation speed NE and the turbine rotation speed NT of the automatic transmission 

15 200. At a time point T(l), a 4-to-3 downshift instruction is output. When the 

turbine rotation speed NT has started to increase as the shift progresses, the inertia 
phase begins (at the time point T(2)). At a time point T(3), the turbine rotation speed 
NT reaches the rotation speed corresponding to the 3rd-speed run. Thus, the shift 
ends. On the other hand, the engine rotation speed NE starts to increases with a 

20 delay after the inertia phase begins. At a time point T(4), the engine rotation speed 
NE reaches the rotation speed of the 3rd-speed run. 

[0064] FIG. 5B illustrates the transitions of the target slip rotation speed 
and the calculated slip rotation speed. If the calculated slip rotation speed is greater 
than or equal to the target slip rotation speed, it is determined that the starting 

25 condition has been met (YES at SI 12), and the calculated slip rotation speed is set as 
a target slip rotation speed (time point T(2)). As a result, the target slip rotation 
speed and the calculated slip rotation speed remain equal during the time period from 
T(2) to T(3). If the converging condition is met at the time point T(3) (YES at 
SI 24), the target slip rotation speed gradually converges to the steady target rotation 

30 speed. In this case, the lockup clutch 122 is gradually engaged to a predetermined 
level. 

[0065] FIG. 5C illustrates the transitions of the friction engagement 
element oil pressures (Bl oil pressure, CI oil pressure) and the oil pressure of the 
lockup clutch 122 (lockup oil pressure). On the basis of the downshift instruction 
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(time point T(l)), the Bl oil pressure is reduced, and the CI oil pressure is gradually 
increased. If the CI oil pressure rises to such a level as to transfer torque at the time 
point T(2), the Bl oil pressure is further reduced. At a time point T(2'), the friction 
engagement element "Bl" is completely released. 
5 [0066] According to the automatic transmission system of the embodiment 

of the invention, if a downshift is detected while the vehicle is coasting in the fuel-cut 
state, the calculated slip rotation speed is set as a target slip rotation speed for the 
lockup slip control provided that a predetermined condition is fulfilled. Since the oil 
pressure of the lockup clutch 122 is kept constant, a predetermined engagement state 

10 of the lockup clutch 122 is maintained. Therefore, it is possible to prevent the 

lockup clutch 122 from being engaged more than necessary, and is therefore able to 
prevent or reduce shock caused by engagement of the lockup clutch. However, in a 
shift situation that will likely lead to a complete engagement of the lockup clutch 
(e.g., a case where the slip rotation speed becomes less than a predetermined rotation 

15 speed), the lockup oil pressure is not fixed. Therefore, the automatic transmission 

system is advantageous in that the lockup clutch is not completely engaged regardless 
of the shift situation. 

[0067] Furthermore, since the lockup clutch 122 is prevented from 
engaging during execution of a downshift, it is possible to prevent rapid fall of the 

20 input rotation speed of the automatic transmission 200. Therefore, the input rotation 
speed is allowed to increase to the post-downshift rotation speed within a 
predetermined time, so that the downshift can be completed within that time. Hence, 
it is possible to avoid a completely locked-up state of the lockup clutch during a 
decelerating run of the vehicle in the fuel-cut state, and is capable of preventing a 

25 delay in the downshift and preventing or reducing shock. 

[0068] In order to maintain a predetermined state of engagement of the 
lockup clutch 122, it is possible to execute a control of maintaining a fixed oil 
pressure of the lockup clutch 122 based on the calculated slip rotation speed instead of 
the process (SI 18 and SI 20 in FIG. 4) of setting a predetermined rotation speed as a 

30 target slip rotation speed for the feedback control. 

[0069] That is, it is possible to execute a control of fixing the oil pressure 
of the lockup clutch 122 via the lockup control valve 158 if the calculated slip rotation 
speed is greater than or equal to the reference rotation speed (YES at SI 16). 
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Therefore, a constant state of engagement of the lockup clutch 122 can be maintained, 
so that the downshift can be accomplished without a delay. 

[0070] Furthermore, the control of fixing the oil pressure of the lockup 
clutch 122 may be stopped if the calculated slip rotation speed is less than the 
5 reference rotation speed (NO at S 1 16). This operation will prevent the lockup clutch 
122 from being engaged more than necessary, and therefore will prevent engagement 
shock. Furthermore, if the oil pressure fixing control is stopped, the reference 
rotation speed may be set as a target slip rotation speed. 

[0071] It is to be understood that all the foregoing embodiments and 
10 constructions are merely illustrative, and not restrictive. The scope of the invention 
is not restricted by what has been disclosed above, but is defined by what is claimed 
below, and the invention is intended to cover various modifications that are equivalent 
to what is claimed or within the scope defined by what is claimed. 



